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BACKGROUNDː This study quantified the degree of game-induced muscular fatigue in amputee soccer players.

METHODSː Thirty-three male amputee soccer players performed muscular tests (push up test [PUT], countermovement jump test [CMJ] and medicine-ball throw [MBT]) before and after a competitive match. Five players served as a control group. The rating of perceived exertion was recorded after each battery.

RESULTSː Control group demonstrated no differences between the two testing batteries (p > 0.05, effect size [ES]: 0.1-0.4). However, match group illustrated markedly lower performances for PUT (-17%, p <0.01, ES: 0.9) with less pronounced declines in MBT (-8%, p <0.01, ES: 0.7) and CMJ (-5%, p <0.01, ES: 0.3) compared to pre-match values. The rating of perceived exertion were higher after the match compared to baseline values (+60%, p <0.01, ES: 2.4).

CONCLUSIONː The data demonstrate that the fatigue experienced after amputee soccer matches causes impairments in muscular performance and this could be different to able-bodied players.  
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Introduction
Amputation is defined as the absence of a limb or part of the body; usually a lower or upper limb or both 1. It has been demonstrated that lower-limb amputee athletes experience higher work demands compared with able bodied athletes during walking and running , . An array of physical attributes such as balance and muscle strength, in addition to the metabolic and cardiovascular responses to exercise bouts are adversely impacted by amputation and this can ultimately influence sporting performance 3. Thus, it is not surprising that amputees that participate in regular physical activity and/or sports have a reduced risk of lifestyle related diseases that are prevalent in disabled populations 3 and they also have an improved well-being compared with their sedentary counterparts  ADDIN EN.CITE 4. One sport that is gaining popularity worldwide within the disabled community is Amputee Soccer (AS) ADDIN EN.CITE , . Limited research exists on the influence of team sports such as AS on health despite this type of activity taxing both aerobic and anaerobic systems and creating physical demands that could induce positive adaptations for health in able-bodied players 8. Moreover, soccer is the world’s most popular sport with over 265 million registered able participants worldwide 9. As such the impact of soccer participation is relevant to a large number of individuals worldwide and could be deemed superior to other modalities (aerobic and strength training) especially given its unique attributes (superior compliance, fun, social reinforcement and self-efficacy), which could be the key to successful behavior change 10. Thus, any health implications associated with this form of physical activity could be relevant to amputees. 
AS is a variation of conventional soccer in which all outfield players have lower limb amputation and use Canadian crutches for locomotion and the goalkeepers have upper limb amputation , . Competitive AS players have a superior physical capacity, strength, power and balance than age matched sedentary amputees  ADDIN EN.CITE , , . Studies have demonstrated that muscle strength is an important determinant of high-intensity activities such as sprinting and jumping in AS players  ADDIN EN.CITE , . Some studies have shown AS did not improve lower limb isokinetic muscle strength but did enhance balance, locomotor capabilities, and health-related quality of life  ADDIN EN.CITE , . Other studies have also shown a relationship between core stability and sacroiliac mobility and suggested that assessment in AS players should include such measures 6. However, it is surprising that limited studies exist on the importance of upper body strength to AS performance especially given its importance to proficient ambulation with crutches. Therefore, a study quantifying muscle performance before and after a competitive match could provide a more accurate depiction of the degree of game-induced fatigue for both upper and lower limb in AS players and their relative importance to AS performance. Game-induced fatigue has been reported in able elite male and female soccer populations through the post-match declines in sprint, strength and power performance , . Given the rarity of research in AS it would be of interest to examine this area to quantify the effect of game induced fatigue on both upper and lower limb muscle performance in AS players. 
Thus, this study aimed to quantify the degree of game-induced muscular fatigue in AS players. It was hypothesized that a single competitive AS match would induce fatigue, which would reduce muscle performance particularly in the upper limbs because of the added demands of locomotion with crutches.
Materials and methods
Participants
Thirty-eight male Brazilian AS players participated in this study (age: 31 ± 7 yr, body mass: 66.4 ± 11.7 kg and height: 1.72 ± 0.07 m). The players participated in two 3 h training sessions and 1-2 matches per week and had been regularly involved in AS for at least 4 yr. Tables 1 display the type and level of amputation in addition to the tactical role of the players. All players participated in the Soccer Cup Sao Paulo-Minas Gerais held in Brazil. The inclusion criteria for participants were: (a) >18 yr; (b) to have at least six months of experience in AS; (c) unilateral lower-limb amputation; (d) to be familiarized with the muscular tests and (e) completed the entire AS match. All players were fully informed of the risks associated with the experimental procedures, and provided written consent. The study conforms to the code of ethics of the World Medical Association and was approved by the appropriate institutional ethical committees. 

Competitive AS Matches
All eight matches were played in a temperate environment (ambient temperature 18.5 ± 2.4ºC, relative humidity 69.5 ± 18.8% and atmospheric pressure 912 ± 11 mmHg) and consisted of two 25 min halves with a 10 min rest interval between halves. Each team fielded seven outfield players and one goalkeeper and all matches were played on a natural grass pitch with a 60 x 30 m dimension. AS rules allow for unlimited substitutions during matches and these occurred without any stoppage to play. However, data were only included for players that completed the entire match (n = 33).

Experimental Procedures
All players were familiarized to the standardized battery of muscle performance tests. These were conducted in a set order: I) push up test (PUT); II) countermovement jump test (CMJ) and III) a medicine ball throw (MBT). A 5-min rest period was given between each test. Prior to testing; the players performed a dynamic warm-up and stretching regime consisting of 1-3 repetitions of the PUT, MBT and CMJ (Figure 1). These tests were selected because AS players use Canadian crutches for all actions involving lower and upper limbs and thus these limbs are stressed during match-play. Additionally, these tests are simple and fast to apply without disturbing the training process. Besides the CMJ performance is associated with sprint performance in AS players, which is an important physical performance metric  5. Multiple muscles groups are involved during these tests: PUT and MBT (pectoralis, anterior deltoid, triceps brachii, serratus anterior and abdominal); CMJ (gluteus maximus, semitendinosus, semimembranosus, biceps femoris, adductor magnus and quadriceps femoris). The load imposed by the battery of tests was quantified using the rating of perceived exertion , . A control group was composed of unused AS substitutes (n = 5).

Push Up Test (PUT)
The PUT was used to quantify muscular strength and endurance of the chest, shoulders and triceps muscle groups 16. The maximum number of repetitions completed in 60 s with perfect form was used as the criteria measure 17. Subsequently, these values were divided by body mass to include a relative measure. 

Countermovement Jump Test (CMJ)
All players performed three countermovement vertical jumps (CMJ) with 30 s recovery between each jump. In order to perform a CMJ, players were instructed to use a preliminary movement by rapidly flexing the knee, before launching the body vertically. Players jump height (cm) and power production (absolute and relative) were measured using an accelerometer (Myotest® Switzerland) that had been previously validated 17.

Medicine-Ball Throw (MBT)
All players were seated with their backs against the wall with researchers ensuring that the lower back remained in contact with the wall during the throwing motion. All players started by holding a 3 kg medicine ball in both hands and placing it against the chest. On a command the players propelled the ball explosively to ensure it covered the greatest possible distance. Each player performed three throws with 1 min rest between throws, with the maximum distance achieved from the three throws as the criteria measure. All throws were measured to the nearest 0.1 cm 18.

Statistical Analysis
Data were presented as means ± standard deviations and effect sizes (ES) unless otherwise stated. All data were checked for normality using the Kolmogorov-Smirnov test. Intra-class coefficient of correlation (ICC) utilizing a two way fixed model to verify the reliability of the moments pre- and post-match (PUT: ICC = 0.381; Moderate; p = 0.075; 95% CI = -0.191 / 0.678; MBT: ICC =0.569; Large; p = 0.006; 95% CI =0.169 / 0.776; CMJ: ICC = 0.924; Nearly perfect; p = 0.001; 95% CI =0.853 / 0.960). The ICC and ES were interpreted using the scale of magnitudes proposed by Hopkins19 and Cohen20, respectively. Repeated measures ANOVA’s were used to examine the main and interaction effects of condition (three levels: defenders, midfielders and forwards) and time (two levels: pre- and post-match) for the game-induced muscle fatigue. Mauchly´s Test of Sphericity was conducted initially, followed by ANOVAs, with Greenhouse-Geisser correction where appropriate. Alpha was set at p < 0.05.
Results
No differences were found for the control group between the two testing batteries (p > 0.05, ES: 0.1-0.4; Table 2). The players that completed the competitive match illustrated markedly lower performances for PUT (-17%, p < 0.01, ES: 0.9) with less pronounced declines in MBT (-8%, p < 0.01, ES: 0.7) and CMJ (-5%, p < 0.01, ES: 0.3) compared to pre-match values (Table 3). The rating of perceived exertion values reported after each testing battery were substantially higher after the match compared to baseline values (+60%, p < 0.01, ES: 2.4). Data analyzed on an individual basis indicated that some players experienced substantial declines of 82% (subject 26), 70% (subject 23) and 67% (subject 22) for the PUT, MBT and CMJ, respectively in relation to the total number of AS players in the match group (n = 33). Data trends in relation to playing position, demonstrated that defenders and forwards had a more pronounced decrease for PUT and MBT, with substantial increases in rating of perceived exertion (Table 4). Additionally, forwards demonstrated large effect size differences for the PUT (ES = 1.4), MBT (ES = 1.0) and rating of perceived exertion (ES = 1.6). No differences (p > 0.05) were observed between positions for any of the muscular performance measures (Table 4).
Discussion
To the best of our knowledge, this is the first study to quantify the degree of muscle fatigue after competitive AS match-play and builds upon existing data examining game-induced fatigue patterns in elite abled bodied male and female soccer populations , . Given the rarity of AS research, this work provides useful information to support staff working within disability sport. Moreover, the inclusion of a control group alongside the pre- versus post-match comparisons allows more appropriate generalizations to be made regarding the impact of AS match play on upper and lower limb muscle performance. 
The present data demonstrate that AS players who completed the competitive match illustrated markedly lower performances for PUT (ES=0.9) regarding MBT (ES=0.7) and CMJ (ES=0.3). A multitude of mechanisms have been proposed to explain fatigue development during abled bodied soccer match-play but researchers have failed to identify its precise cause 13, with no data presently available for AS players. This is unsurprising given the complexities of soccer match-play for the abled bodied and AS player, which is influenced by a myriad of factors. Fatigue is not casually linked to a single factor but a multitude of integrated factors 21.
Research demonstrates that in elite able bodies male players there is a decline in high-intensity running from the first to the second half of a match  ADDIN EN.CITE 22-24. For able bodied elite players this type of match running performance decrement or fatigue is expected given the duration of the game (90+ min) and its level of relative intensity (80-85% of heart rate maximum), although this trend could be different compared to AS match-play which is only 50 min in duration with an undetermined relative intensity. Although limited research exists on AS, a study with another special population showed that soccer-specific endurance in soccer players with cerebral palsy is lower than able-bodied players 25. So, it would be reasonable to expect different performance in AS also, compared to able-bodied players. 
The post-match muscle performance declines observed in the present study could be attributed to fatigue induced by the high physical demands of AS match-play. Previous research on able bodied soccer players has found depleted muscle glycogen stores in the vastus lateralis at the end of a match , , declines in muscle creatine phosphate, intramuscular acidosis or the accumulation of potassium in the muscle interstitium were also evident after intensified periods of match-play 13. Given that there was a markedly lower performances for PUT, with less pronounced declines in MBT and CMJ compared to pre-match values. It could be that glycogen depletion and/or metabolite accumulation could have occurred in the upper body muscles, although muscle and blood analyses would need to be undertaken to verify this. Thus, it seems that supporting the weight of the whole body with crutches across 50 min of AS soccer match-play has taxed the muscles recruited during the PUT (chest, shoulders and triceps muscle groups). Thus the small muscle mass involved in supporting the body on crutches during AS match-play leads to substantial peripheral fatigue as evidenced by the lower PUT values post game. Besides, PUT is a closed kinetic chain exercise which is similar to the activity of the upper limbs with crutches during an AS match. Therefore, this could have resulted in a more pronounced decrements in PUT than MBT, since this is an open kinetic chain exercise.
One of the most robust findings in the research literature of soccer is positional variation in physical capacities and match demands , . The positional role of players also influences the magnitude of the fatigue experienced during a soccer match 29. In able-bodied players, midfielders perform more high-intensity efforts during the game and consequently experience more fatigue  ADDIN EN.CITE , . The present data demonstrate that forwards experienced greater game-induced fatigue than defenders and midfielders. These results could be partially explained by the degree of amputation within this positional subset. It is known that the energy cost of physical activities is higher in persons with an above the knee amputation compared to those with below the knee amputations  ADDIN EN.CITE , . In the present study, 15% of the AS players within the match group had below the knee amputations, with the majority (80%) in the midfield position. On the other hand, all of the forwards were above the knee amputees (100%), which generates greater energy cost and could explain, at least in part, why forwards exhibited higher decrements in muscle performance than other positions after a competitive AS match. When examining the muscular performances across position, no positional differences were evident and thus it seems clear that positional variation in physical performances and the degree of fatigue experienced during match play is very different to the trends observed for able body players in various positional subsets. As a result, strength and conditioning coaches delivering general and position specific training should take into consideration not only the position of the AS player but also the degree of amputation (above/below knee).  
A limitation of the present study is a lack of data regarding the match demands or relative intensity of AS and thus future work is warranted in this area. This would have allowed the present study to correlate muscle performance decrements with the possible reduction in distances covered during AS match-play. Future studies with larger sample size and quantify distances covered by players alongside other factors that influence muscular performance (cross-sectional area of muscles, size of limbs and training status) are needed to verify our findings.
Conclusions
The data demonstrate that the fatigue experienced after an AS match causes marked impairments in muscular performance across a range of tests resulting in higher levels of perceived effort. Therefore, this study provides useful preliminary data for applied sports scientists to use regarding training planning and develops our understanding of fatigue development during AS. Although fatigue development during AS games is a complex phenomenon, which suggests that AS coaches develop soccer and position specific drills that not only develop muscular endurance to offset the decline in PUT related parameters but also take into consideration the degree of amputation of the player given the differential energy cost of movement for above/below the knee amputees. 
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Table 1. Level of amputation between and within positional roles.
Table 2. Muscular performance of AS players in the control group (n= 5).
Table 3. Muscular performance of AS players in the match group (n = 33).
Table 4. Muscular performance of AS players in the match group (n = 33) across positional role.
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Figure 1.Schematic representation of research design.




